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1 
This invention relates to a method of calcining, 

or burning, and recovering agglomerates or re 
acted products of ñnely divided inorganic mate 
rials, and it especially concerns such treatmentI 
of collected industrial dusts. 

It is well known that in many industrial opera 
tions, dusts produced, for example by combus 
tion, or the roasting of ores or of mixtures of 
many types, represent an important problem. On i 
the one hand, if the dusts are allowed to escape 
into the atmosphere they represent a nuisance to 
the surrounding area or countryside as they 
contaminate the air and also settle eventually, 
with the attendant disadvantages. On the other 
hand, when these dusts are collected, as they nor 
mally are, at least in industrial and agricultural 
areas, the collected dusts have the disadvantages 
of being difficult to reprocess, hazardous to simply 
discard and, therefore, expensive in disposal. In 
any case, a dust product represents a loss to the 
operator, which may amount to from 50 tons to 
600 tons per day in, for example, normal rotary 
kiln operations. On a relative basis, it _can be 
said that there is a minimum of 5% dust load in 
the combustion gases in rotary or other kiln oper 
ations where finely ground mineral material or 
synthetic mixes of such material, for example, 
cement compositions, are being processed. 
As stated above, collection of such dusts has 

long been necessary. However, eñicient utiliza 
tion of the dusts collected or recovered from 
the waste gases issuing from a calcining or firing 
or heat-treating zone has been a problem as yet 
unsolved, although numerous processes have been 

~ devised with this object in view. The collected 
dusts are not merely finely divided solids but 
they are classiñable as dispersoids. 
cal dispersoids, that is, those produced by me 
chanical comminution, are of particle sizes rangn 
ing from about 5 to about 50 microns diameter; 
while condensed dispersoids, that is, those pro~ 

from about 0.3 to about 3 microns. In many col 
lected industrial dusts, the particles are combina 
tions of these. For instance, as will be noted in 
literature sources, cement-kiln dust is made up 
of particles wherein the alkali salt, vaporized in 
the kiln operation, will have condensed upon 
the surfaces of irregular dust particles mechani 
cally carried over in the kiln gases. Such kiln 
dust is still in dispersoid state, however. Many 
collected dusts consist of particles predominantly 
less than 43 microns in diameter. 
Because of these small sizes and the resulting 

tendency of such dispersoids to be easily taken 
up by further currents of gases, their utilization 
anew in the processes concerned poses a consider 
able problem. Where it is attempted to feed the 
dry dust back into the heating or firing zone 
the dry dust is notl caused to substantially coalesce 
by such treatment, particularly where the very 
small, dispersoid particles are present, but it is 

10 

15 

20 

25 

30 

35 

Mechani- ` 

40 

`duced by condensation from a vapor phase, are ' 

45 

50 

55 

60 

2 
found, rather, that it is rapidly entrained by the 
gases flowing through and out of the zone, and 
that it passes out again substantially unchanged. 
If dry dust is mixed into a slurry feedv going to 
the kiln it tends strongly to form, in the slurry, 
balls having dry dust cores and coatings of slurry, 
so that the dust of the cores is released again 
during passage through» the kiln, and again en 
trains in the eñluent gas stream. 
Another characteristic of such dusts is that 

they have been changed chemically by the cal 
cination or ñring step and are not the same, 
therefore, as the raw materials originally enter 
ing the zone of combustion. For instance, the 
dusts sometimes have hydraulic properties, and 
this circumstance presents a further problem. 
It has been noted, for instance, that collected 
cement kiln dust will undesirably increase the 
viscosity of a cement slurry when ladded thereto. 
Processes have been devised in an attempt to 
overcome this effect, but have been time-con 
suming, wasteful and cumbersome. If collected 
cement or other dusts are added back to slurries 
of the respective starting materials, it is found 
that, in wet-processing, mud rings build up within 
a rotary kiln, for example, or, in dry processing, 
clinker rings may similarly develop, which de 
crease iiow of gases and considerably reduce the 
eiñcicncy of the operations, necessitating shut 
down and cleaning at intervals. Furthermore, 
when Working either with dry or wet (for example, 
slurried) starting materials, the collected dusts 
are extremely difficult to admix. 

It has now been discovered that these disad 
vantages are overcome by forming agglomerates 
of the collected dusts with addition of water, 
and then re-mtroducing the agglomerates into 
the incoming raw material being calcined, or 
heat-processed. The dusts can be agglomerated 
by briquetting under pressure, or by nodulizing, 
or by admixture with water and extrusion to 
form pellets, or by forming pellets in other known 
Ways, or by forming the desired agglomerates in 
any suitable manner. 

If desired, other materials can` be admixed 
with the dust prior to or during agglomeration, 
to produce a particle or piece of any desired 
chemical composition. This is. quite advan 
tageous in some instances. For example, cement 
kiln dust can be corrected with the addition 
of clay or silica, and a very intimate admix 
ture is obtained because of the very small par- f 
ticle size of the dust. In some processes, as 
for instance, in burning lime, the collected dust, 
where of suitable plasticity, is advantageously 
moistened and briquetted under pressure and 
then fed-back to the kiln. In burning dolemite 
or magnesite, or in the collection of gypsum 
dust, or, in other words, in burning inorganic 
mineral material decomposable by heat, the dust 
material is suitably nodulized while spraying 
with a relatively small amount of water, and the 
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nodules fed back into the kiln. Other collected 
ñnely divided materials, recovered from gases 
issuing from zones wherein inorganic materials 
are being fired or calcined, can be recovered by 
the method of the present invention. The col 
lected dusts can be admixed with other fine 
dusts, such as ore dusts recovered in screening 
operations, etc. 
The collected dusts, for example, which have 

been recovered from stack gases by electrical 
precipitation or by other methods, are agglom 
erated with the addition of water. As stated, 
the agglomeration can be effected by noduliz 
ing, pelleting, extruding, briquetting or in any 
other desired manner, with or without applica 
tion of pressure. For instance, the dust can 
be admixed with water, and if desired with oth 
er materials, for example, clay or other correc 
tives or other dusts, and pressed, under any de 
sired pressure, into pellets or briquettes; or it 
can be pugged with water, while or after mix 
ing with such other materials if desired, ex 
truded through a die device, and cut into suit 
able lengths to form pellets. Alternatively it 
can be fed into a nodulizing drum and water or 
slurry or solution can be added while the drum 
rotates, to form nodules. Preferably, just suf 
ñcent water, for instance, from 10% to 25% by 
weight, is added, in any of these methods, to 
moisten and form into the desired agglomerates. 
For example, from about 12% to about 20% of 
water is preferably added in nodulizing, and from 
about 15% to about 25% is added in forming 
by extrusion. 
The dust agglomerates are introduced into 

the heat-treating process, suitably into a zone 
which is at a lower temperature than the tem 
perature at which the vinorganic material is be 
ing sintered, roasted, ñred or deadburned. The 
agglomerates can be admixed with the raw feed 
prior to or at the time of introduction into the 
heat-treating system, or after entry into the 
heat-treating system but prior to entry into 
the ñring or combustion zone thereof. Alter 
natively, the agglomerates can be introduced 
alone, if desired, and Without admixture of raw 
feed, but the process is of the greatest economic 
importance at the present time as a means of 
returning collected dusts to a main burning or 
clinkering process. Whether the agglomerates 
are added alone or in admixture with raw feed, 
it is preferred that they be introduced into the 
heat-treating system, which can, for example, 
be a rotary kiln, at a temperature Zone which 
is below the temperature of the firing or com 
bustion zone. That is to say, when a slurry, for 
instance, is fed into a rotary kiln, the iirst por 
tion of the kiln acts as a drier, a subsequent 
portion as a calciner, and, ñnally, the com 
bustion Zone as a ñring zone or a reaction zone. 
Where a relatively dry feed is employed, some 
removal of Water occurs in the early stages, 
then, probably, calcining of at least some con 
stituents, and, finally, firing or clinkering. 
There is a progressive increase in temperature 
in such a device, or heat-treating system, from 
the feed end to the ñring, clinkering or reac 
tion zone. The introduction of agglomerates 
into such a system is controlled so that there 
is effected progressive heating of the agglom 
erates to the highest temperature. As set forth 
below, in an example, in a system, such as a 
rotary kiln, which contains the drying zone, a 
heat-exchanger zone, sometimes known in prac 
tice as the “chain-section”, and, further on, a 

25 

30 

35 

55 

80 

4 
combustion zone where clinkering substantial 
ly takes place, Where Portland cement raw ma 
terials are treated, they are introduced at the 
feed end, progress through the drying zone, and 
the heat-exchanger zone and on to the com 
bustion zone. The agglomerated kiln dust is in 
troduced at a point before the materials enter 
the combustion Zone; for example, suitably, be 
yond the heat-exchanger zone, but prior to the 
combustion zone; or, in other words, at a point 
in the path of travel of the material toward 
and spaced from the combustion zone. 

It is an advantage of the present process that 
such agglomerates can be fed back into the 
calcining or heat-treating operation with in 
coming raw feed, which may be dry, as in lump 
roasting, or which may be Wet, or slurry feed. 
In the latter case, the dust so agglomerated will 
not exert, for example, its hydraulic action where 
such characteristic exists, and viscosity of the 
slurry is not appreciably changed. It is anoth 
er advantage that, alternatively, the agglom 
erated dust can be fed into a rotary kiln, for 
instance, at an intermediate point enabling 
greater kiln eñiciency. Further advantages are 
that the circulating dust load is decreased and 
there is more efûcient recovery of the starting 
material values. Another advantage which is 
obtained is that, in a wet process, the Water load 
to the kiln is reduced by using the agglomerates 
of this invention. 
One embodiment of the present invention is 

illustrated by the annexed drawing which is a 
schematic diagram, the parts thereof being clear 
ly designated. This drawing illustrates particu 
larly an embodiment wherein cement dust is 
treated Yaccording to the present invention, and 
this embodiment is also described in more de 
tail below. 
The method of the invention is more clearly 

illustrated by the following example, wherein 
dusts, recovered by electrical precipitation from 
stack gases, are treated according to the inven 
tion. 

Slurry for making Portland cement is fed to 
a rotary kiln, the slurry being of about 61% 
solids content and having, on the ignited basis, 
the following analysis; 25% SiOz, 3% F6203, 3% 
AhOz and 67.7% CaO. The slurry is dried and 
iired during its progress through the kiln and 
emerges as cement clinker. The stack gases 
which go off are subjected to the Cottrell elec 
trical precipitation treatment and the dust con 
tent is recovered. It can be stored, if desired, 
in any convenient way. The recovered dust has 
approximately the following analysis: 20.9% 
SiOz, 2.9% lï'e'zOa, 3.0% A1203, and 71.8% CaO. 
To produce a clinker of the desired composition, 
therefore, clay is added. The dust is fed toA a 
nodulizing drum and the clay is added, by spray 
ing, in the form of a slurry in water, the slurry 
advantageously containing 54% or less of clay. 
In this example, l0 gallons of 54%'clay slurry in 
water are fed per minute in treating 20 tons of 
collected dust per hour. The nodules issuing 
from the drum can be allowed to dry and harden, 
or they can be fed directly to the kiln. The 
nodules so prepared contain from about 17% to 
19% water. In this example, they are fed to the 
kiln at a point about 20% of its length beyond 
the feed end, that is, at a substantial distance 
ahead of the combustion zone. The rotary kiln 
employed in this example is a commercial kiln, 
provided at the place noted with three feed scoop 
devices or conduits, extending into the interior 
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of the kiln through the wall thereof, the outer 
portions of the devices being disposed within a 
short annular or cylindrical device which jackets 
the kiln, is air-tight and into which a supply of 
nodules is fed from the nodulizer. The nodules 
then pass into the kiln through the scoops or 
conduits. The nodules thus enter the kiln and 
mix with the incoming feed materials beyond the 
heat-exchanger zone. This zone contains free 
hanging chains which would tend to disintegrate 
the nodules, especially if they had not thoroughly 
hardened. Also, the nodules are not introduced 
directly into the firing or combustion zone where 
they would tend to explode or disintegrate too 
rapidly. In this manner, the nodules, or agglom 
erates formed in any other desired manner, are 
subjected to progressive heating and dehydration 
up to the ñring zone. Alternatively, the nodules, 
or other agglomerates, can be introduced into 
the feed before or as it enters the kiln. Further, 
where no chains, or other devices which would 
beat the nodules etc., are present at the feed end 
of a rotary kiln, the agglomerates can be fed in 
at any point but preferably prior to the last one 
fourth of the length of the kiln, or the combus 
tion zone. The dust load is decreased substan 
tially by this method and the inorganic dusts re 
covered from the collecting system are efficiently 
recovered, decreasing the losses of product. If 
desired, the fraction of the dust which is high 
in alkali can be separated and removed from the 
dust prior to agglomeration, but if desired, all 
of the dust can be nodulized or otherwise agglom 
erated. ` 

In another operation, like the one above de 
scribed except that the collected dust was not 
nodulized, it was attempted to re-introduce the 
dust into the incoming fresh feed slurry. To 
accomplish this, the incoming Portland cement 
forming slurry was fed through a pug mill and 
dry dust from the Cottrell system was introduced 
simultaneously into this mill. It was found that 
the dust tended to ñush through the mill with 
out being assimilated by the slurry, that mud 
rings built up just ahead of the heat-exchanger 
zone, which necessitated their removal from time 
to time in order to enable iiow of material and 
of gases; and that the dust which was taken up 
by the slurry in pugging appeared to form balls 
of dry dust coated with a slurry layer, resulting 
in release of the dust into the gas stream when 
the balls were attacked by the chains in the 
heat-exchanger system. These combined effects 
resulted in inefficient utilization of the dust. 
The clay can be admixed with the dust in the 

dry state in any desired manner. However, it 
is especially advantageous to add it as a slurry, 
as installation and operation of milling and mix 
ing equipment for this purpose is eliminated. 
The clay in the above example has approximately 
the following analysis: 50% SiOz, 14% FezOa, 
19% A1203, '7% CaO> and 5% MgO. Clay of other 
suitable analysis can also be employed. If the 
raw cement materials are suñiciently high in 
alumina and ñuxing constituents, it is not always 
necessary to add clay or other corrective mate 
rial, some of which may be present in solution in 
the water, and the Cottrell dust can be agglom 
erated without correcting additions, either vby 
nodulizing, by extruding to form pellets, or by 
briquetting, etc., as described herein. 
The method of the present invention is also 

very useful in treating the collected dusts re 
covered in burning dolomite. The dust recov 
ered in the Cottrell precipitator, for instance, is 
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6 
nodulized while spraying with water, and charged 
to the kiln with incoming dolomite, or at any 
other desired point prior to entry into the corn 
bustion zone. 
Although the above examples show calcining 

or heat-treating in a rotary kiln, the process of 
this invention is useful with other apparatus for 
calcining or heat-treating inorganic materials. 
Amounts herein are expressed in percent by 
weight, unless otherwise indicated. 
Having now described the invention, what is 

claimed is: 
l. A process of utilizing cement kiln hydraulic 

dust recovered from stack gases issuing from a 
cement kiln system containing a heat exchang 
ing zone, a calcining zone, and a ñring zone 
wherein Portland cement raw material is dried, 
calcined and fired while progressing through said 
Zones, which comprises forming agglomerates 
from said recovered dust in a mixing Zone sepa 

' rate from said kiln system by intimately mixing 
therewith a water slurry containing up to 54% 
clay, introducing said agglomerates into said kiln 
system at a point in the path of travel of said 
material subsequent to said heat exchanging zone 
and prior to said firing zone, and conducting said 
agglomerates to said firing zone while effecting 
progressive heating thereof. 

2. In a process of utilizing cement kiln hydrau 
lic dust recovered by electrical precipitation 
from stack gases issuing from a cement kiln sys 
tem, which system contains a heat exchanging 
zone, a calcining zone, and a ñring zone wherein 
Portland cement raw material is dried, calcined 
and fired while progressing through said zones, 
the improvement which comprises forming ag 
glomerates from said recovered dust in a mixing 
zone separate from said kiln system by intimately 
mixing water therewith in amount from 10 to 
25% in a slurry containing up to 54% clay, in 
troducing said agglomerates into said kiln system 
at a point in the path of travel of said material 
subsequent to said heat exchanging zone and 
prior to said firing zone, and conducting said 
agglomerates to said firing zone while effecting 
progressive heating thereof. 

3. Ina process of utilizing hydraulic dispersoids 
recovered for stack gases issuing from a cement 
kiln system containing a heat exchanging zone. 
a calcining zone, and a firing zone wherein Port 
land cement raw material is dried, calcined, and 
ñred while progressing successively throughsaid 
zones, the improvement which comprises forming 
nodules from said recovered dispersoids in a‘rïíïx 
ing zone separate from said kiln system by in 
timately mixing water therewith in amount from 
10 to 25% in a slurry containing up to 54% clay, 
introducing said nodules into said kiln system 
at a point in the path of travel of said material 
subsequent to said heat exchanging zone and 
prior to said firing zone, and conducting said 
nodules to said firing zone while effecting pro 
gressive heating thereof. 
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